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Bovine viral diarrhea virus (BVDV), bovine herpesvirus type 1 (BoHV-1), and bovine
herpesvirus type 5 (BoHV-5) are major cattle pathogens that can be present in biological
materials used in assisted reproduction biotechnologies. The aim of the present study was
to increase the sensitivity of the polymerase chain reaction (PCR) for detection of BVDV,
BoHV-1, and BoHV-5 in bovine follicular ﬂuid (FF) collected during oocyte retrieval for
in vitro embryo production. Ovaries were collected immediately after slaughter at
a commercial abattoir, aspirated, and the 7336 samples of FF were pooled in 84 samples.
Before testing the FF ﬁeld samples, sensitivity of the protocol was determined using
a prenucleic acid extraction procedure that was directly compared with standard RNA or
DNA extraction protocols. The prenucleic acid extraction procedure increased sensitivity of
reverse transcription (RT)-PCR for BVDV and nested PCR for BoHV-1 and BoHV-5 by 100
and 10 times, respectively. The 84 FF pools were assayed for BVDV, BoHV-1, and BoHV-5
using virus isolation and RT-PCR or nested PCR. Fourteen (16.7%) FF pools were positive
for BVDV RNA, and one (1.2%) was positive for BoHV-1 DNA. Two of the BVDV RT-PCR
positive samples and the one BoHV-1 PCR positive sample were also positive in cell
culture, demonstrating that FF contained infectious viruses. In this study, the prenucleic
acid extraction procedure increased the sensitivity of RT-PCR and PCR detection. This study
highlighted the importance of assuring biosecurity by detecting the presence of viral
pathogens in biological materials used during in vitro embryo production.
 2013 Elsevier Inc. Open access under the Elsevier OA license. 1. Introduction infectious disease transmission through IVP. The use ofThe development of assisted reproduction biotech-
nologies, such as in vitro embryo production (IVP) and
cryopreservation of gametes and embryos, has enabled
increased international trade of cattle genetic mater-
ials. Over the past few years, Brazil has become the
world’s principal producer of IVP bovine embryos [1].
This increase has raised concerns regarding the risk of26; fax: þ00 55 51
al).
2
lsevier OA license. contaminated biological materials can have biosecurity
consequences for livestock [2]. During the past 15 years,
there have been substantial increases in numbers of IVP
bovine embryos from oocytes collected from abattoir-
derived ovaries harvested from cattle of unknown health
status [1,3]. Oviducts from these females have also been
used to condition culture medium for embryo develop-
ment [3]. Taking into account these observations, it is still
necessary to develop synthetic oviduct ﬂuid to prevent
contamination of IVP embryos. Currently used materials
could introduce viral agents into the IVP system that could
infect recipient cows [4–8].
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type 1 (BoHV-1), and bovine herpesvirus 5 (BoHV-5) are
major pathogens in cattle that have caused substantial
economic losses worldwide and that can result in acute,
persistent, or latent infections [9,10]. The BVDV is a single-
stranded, enveloped RNA virus belonging to the Pestivirus
genus of the family Flaviviridae; it has two distinct biotypes
(cytopathic and noncytopathic), based on their effects in
tissue culture [10]. Bovine herpesvirus type 1 and BoHV-5
are double-stranded, enveloped DNA viruses of the family
Herpesviridae. Bovine herpesvirus type 1 and BoHV-5
generally present a proﬁle of local, respiratory, reproduc-
tive, or nervous system infection [9]. Virus isolation in cell
culture is the gold standard for testing BVDV, BoHV-1, and
BoHV-5 in biological samples [9,10], but in the past two
decades, reverse transcription (RT) polymerase chain
reaction (PCR) and PCR protocols have been successfully
applied for detection of these pathogens [11–15].
Because there are no regulatory laws in Brazil to imp-
lement strict preslaughter sanitary measures to prevent
contamination of IVP materials, alternative methods are
needed for virus detection. Follicular ﬂuid (FF) is
a byproduct obtained during the aspiration of bovine
ovarian follicles for oocyte retrieval; unlike oocytes, FF is
not used in IVP but can provide information regarding
health status. Detection of BVDV [3,12] and BoHV-1 [3,13]
has previously been reported in this biological material.
Furthermore, BVDV can infect recipient cows [7], and low
IVP fertilization rates can result from the presence of BVDV,
BoHV-1, and BoHV-5 [4,6,16]. Furthermore, FF contains
impurities that can interfere with the sensitivity of diag-
nostic techniques [17]. Hence, the objectives of the present
study were to increase the sensitivity of virus detection via
the introduction of a prenucleic acid extractionmethod and
to verify the presence of BVDV, BoHV-1, and BoHV-5 in FF
pools collected during oocyte retrieval for IVP.
2. Materials and methods
2.1. Samples
Bovine ovaries were collected, with permission of the
company, after slaughter in a commercial abattoir
(Frigoríﬁco Rost SA, São Leopoldo, Rio Grande do Sul,
Brazil) between November 2008 and October 2011 and
were transported to the laboratory in PBS (8 g/L NaCl,
0.2 g/L KCl, 0.20 g/L KH2PO4, and 1.15 g/L Na2HPO4) at
25  2 C. The oophorus–cumulus complexes were
aspirated from ovarian follicles 2 to 8 mm in diameter
and were selected for IVP (data not shown). The
remaining FF was pooled for a total of 84 samples (range,
27–136 ovaries by pool; total of 7336 aspirated ovaries),
which were frozen and thawed three times and were
stored at 80 C pending subsequent analyses.
2.2. Cell and virus isolation
Madin-Darby bovine kidney (MDBK) cells (CCL-22;
American Type Culture Collection) [18] were grown in
Dulbecco’s modiﬁed Eagle medium (Gibco, Carlsbad, CA,
USA) supplemented with 5% Ultra Low IgG fetal bovineserum (FBS) (Gibco), 200 IU/mL penicillin (Novartis Saúde
Animal, São Paulo, São Paulo, Brazil) and 200 mg/mL
streptomycin (Vansil Saúde Animal, São Paulo, São Paulo,
Brazil). Every lot of FBS used during this studywas analyzed
for the presence of BVDV using RT-PCR.
Virus isolation (VI) was performed with 50 mL of each
sample diluted to 101, which was then inoculated into
24-well microtiter plates with the MDBK cell suspension
and incubated at 37 C in a humidiﬁed atmosphere with 5%
CO2. After 1 hour, the supernatant was removed, the cell
monolayer was washed twice with PBS and Dulbecco’s
modiﬁed Eagle medium supplemented with 2% FBS peni-
cillin and streptomycin was added, and the cells were
incubated for 5 days. After observation of cytopathic effects,
the supernatants were collected and inoculated into new
wells containing fresh MDBK cell suspensions. The pres-
ence of noncytopathic BVDV was assayed after the third
passage through an immunoperoxidase monolayer assay
using monoclonal antibody #15c5, speciﬁc to the Erns
protein of pestiviruses (IDEXX Laboratories, Westbrook,
MA, USA). The presence of the bovine herpesvirus was
assayed by observing typical herpesviral cytopathic effects
in cells, as described [19].
2.3. Experimental design of the prenucleic acid extraction
assay
To assess its efﬁciency in removing RT-PCR and PCR
inhibitors from FF, a pre-RNA or DNA extraction assay was
performed, respectively, and compared with the traditional
method (Fig. 1). Sensitivity was compared with that of
a control that had not been submitted to the pre-extraction
procedure (negative control). The pre-extraction procedure
performed on the FF pools consisted of centrifugation at
10,000 g for 10 minutes, followed by ﬁltering the super-
natant (0.45 mmpolyvinylidene diﬂuoridemembrane ﬁlter;
JET Biochemicals Inc., Rome, Italy).
Initially, one negative FF pool sample was selected and
was spiked with 10-fold serial dilutions (101, 102, 103,
104, 105, 106, and 107) of 106 50% Cell Culture Infective
Dose (CCID50)/mL BVDV strain Nadl (GenBank Accession
No. NC001461), 106 CCID50/mL BoHV-1 strain Los Angeles
(GenBank Accession No. DQ184913), or 106 CCID50/mL
BoHV-5 strain EVI88 (GenBank Accession No. DQ173720).
Then, the contaminated FF was divided into two groups:
one to be submitted to the prenucleic acid extraction
procedure and the other to be the control. All of the
samples were tested in triplicate. Thereafter, all 84 FF pool
samples obtained at a commercial abattoir were tested by
RT-PCR and nested PCR (nPCR) without and with the pre-
extraction procedure.
2.4. Statistical analyses
The results obtained using the prenucleic acid proce-
dure were assayed by statistical analysis using the Kappa
test (P ¼ 0.05) using the Epi Info software version 6.0 (Epi
Info, Centers for Disease Control, Atlanta, GA, USA). Sensi-
tivity, speciﬁcity, predictive values, and accuracy were
determined using EpiTools Epidemiological Calculators
(http://epitools.ausvet.com.au/).
Fig. 1. Experimental design. Follicular ﬂuid pools were spiked with BVDV,
BoHV-1 or BoHV-5 and submitted to the pre-nucleic acid procedure or
traditional procedure (direct RNA or DNA isolation), followed by RT-PCR or
nested PCR. BoHV-1, bovine herpesvirus type 1; BoHV-5, bovine herpesvirus
type 5; BVDV, bovine viral diarrhea virus; PCR, polymerase chain reaction;
RT, reverse transcription.
Table 1
Evaluation of bovine follicular ﬂuid pools by RT-PCR, nPCR, and virus
isolation in cell culture for BVDV or BoHV.
Test Positive Negative Positive (%)
BVDV RT-PCR 14 70 16.7
BoHV-1 nPCR 1 83 1.2
BoHV-5 nPCR 0 84 0
BoHV isolation 1 83 1.2
BVDV isolation (IPMA) 2 82 2.4
Abbreviations: BoHV, bovine herpesvirus; BoHV-1, BoHV type 1; BoHV-5,
BoHV type 5; BVDV, bovine viral diarrhea virus; IPMA, immunoperoxidase
monolayer assay; nPCR, nested PCR; PCR, polymerase chain reaction; RT,
reverse transcription.
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Total RNA was isolated using TRIzol LS Reagent (Life
Technologies, Carlsbad, CA, USA) and was suspended in
50 mL of water, according to the manufacturer’s instruc-
tions. The cDNA was synthesized with a SuperScript III
Reverse Transcriptase Kit (Life Technologies) in a total
volume of 20 mL, following the manufacturer’s recom-
mendations. The PCR was prepared in a ﬁnal volume of
25 mL, containing 2 mL of cDNA. The PCR was performed
using the panpestivirus primers 324 and 326, which
amplify a 288-base pair (bp) fragment of the 50 untrans-
lated region [11]. The ampliﬁcation products were elec-
trophoresed on 2% agarose gel and were stained with Blue
Green Loading Dye I (LGC Biotecnologia, Cotia, São Paulo,
Brazil).
2.6. Bovine herpesvirus 1 and BoHV-5 detection using nPCR
Total DNA was extracted using the commercial kit
NewGene Preamp (Simbios Biotecnologia, Cachoeirinha,
Rio Grande do Sul, Brazil) based on guanidine iso-
thiocyanate and silica as described by Boom et al. [20], and
stored at 20 C until used. The nPCR was performed as
described [15]. In brief, primers for the ﬁrst PCR recog-
nized BoHV-1 and BoHV-5 and yielded 575 bp (BoHV-1) or572 bp (BoHV-5) ampliﬁcation products, respectively, of
the glycoprotein C gene (gC) [14]. To differentiate BoHV-1
from BoHV-5, the product of the ﬁrst PCR was used in two
nPCRs that ampliﬁed 161 bp from BoHV-1 or 236 bp from
BoHV-5 [15].
2.7. Puriﬁcation and sequencing of ampliﬁcation products
The PCR ampliﬁcation products were puriﬁed using the
NucleoSpin Extract II Kit (Macherey-Nagel, Düren,
Germany), and both strands were sequenced three times
each with an ABI PRISM 3100 Genetic Analyzer (Applied
Biosystems, Foster City, CA, USA) using a BigDye Terminator
v.3.1 cycle sequencing kit (Applied Biosystems). Sequence
alignment was performed with MEGA 5 [21], using CLUS-
TAL W software [22]. The sequences were submitted to
GenBank nucleotide Basic Local Alignment Search Tool
(http://blast.ncbi.nlm.nih.gov/) to conﬁrm their identities
and to compare them with each other.
3. Results
To determine whether the FF pools contained infectious
viruses, conventional VI was performed. One of the 84
tested samples produced a typical herpesvirus-like cyto-
pathic effect and was considered positive. The immuno-
peroxidase monolayer assay was performed to check for
the presence of noncytopathic BVDV, resulting in two of the
84 samples testing positive (2.4%; Table 1).
The prenucleic acid extraction procedure was per-
formed, and the RT-PCR and PCR sensitivities were
compared with that of the control without pre-extraction.
The RT-PCR for BVDV detection, using the pre-extraction
procedure, was able to detect BVDV until dilution of 105,
and the negative control was positive until dilution of 103.
The PCR for BoHV-1 and BoHV-5 detection was able to
detect the viruses until dilution of 105, and without the
pre-extraction procedure, the samples were positive until
dilution of 104.
Furthermore, all 84 FF pool samples obtained at a
commercial abattoir were tested by RT-PCR and nPCR
without and with the pre-nucleic acid extraction method.
Based on the RT-PCR for BVDV, 14 of the 84 FF pool samples
(16.7%) contained BVDV RNA with the pre-nucleic acid
procedure and two without the method, including the two
cell culture positive samples in both. Moreover, nPCR to
detect BoHV-1 was positive in one of the 84 samples (1.2%)
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technique was not used. All samples were negative for
BoHV-5 whether or not the prenucleic acid extraction was
used. The BoHV-1 nPCR positive FF pool sample was also
positive in cell culture and was also positive by RT-PCR for
BVDV. All data described are summarized in Table 1.
Detection of BVDV using the pre-extraction method was
higher than without the technique (P ¼ 0.026). The sensi-
tivity (100%), speciﬁcity (85.4%), negative predictive value
(100%), and accuracy (85.7%) were adequate and the low
predictive value (14.3%) was because of the low number of
positive samples in the gold standard test (virus isolation).
Differences were not signiﬁcant for BoHV-1 and BoHV-5
detection; the other data could not be determined,
because of the low number of positive samples. However,
the BoHV-1 positive sample when used with the pre-
nucleic acid was negative without the method.
The cell culture and RT-PCR ampliﬁcation products from
the two positive BVDV samples were sequenced. Based on
the sequence analysis of 245 bp of the 50 untranslated
region, these two samples were 91% identical. A GenBank
nucleotide Basic Local Alignment Search Tool search
revealed that the sequence with accession number
JX122861 had the greatest similarity (98%) with BVDV-1a
strain 06r447 (GenBank Accession No. DQ973180). This
strain has been detected in a Korean cattle population. The
sequence with accession number JX122862 was 99%
identical to BVDV-1d strain OK1(CA)NCP/03 (GenBank
Accession No. AB359927), isolated from cattle in Japan. The
same analysis was performed with the bovine herpesvirus-
positive sample, and the analysis of 539 bp of the gC gene
(GenBank Accession No. JX122860) showed that the sample
was 99% identical to BoHV-1.1 strain UY1999 (GenBank
Accession No. DQ173735), previously characterized in
Brazil.
4. Discussion
Sensitive assays for detecting adventitious viruses in the
biological materials used in IVP could prevent transmission
of viruses to recipients by providing better quality control
and hence reduced embryonic losses because of viral
contamination. Therefore, in the present work, a prenucleic
acid extraction method was tested to determine whether it
increased the sensitivity of PCR for BVDV, BoHV-1, and
BoHV-5 detection in FF. The efﬁciency of the prenucleic acid
extraction procedure to remove PCR inhibitors was mani-
fest because it increased detection sensitivity for BVDV by
100 and for BoHV-1 and BoHV-5 by 10. This difference was
probably the result of the ability of centrifugation and
ﬁltration to remove substances that might have interfered
with the efﬁciency of RT-PCR and nPCR. The FF was ob-
tained by aspiration of ovarian follicles during oocyte
retrieval, and it contained cells, proteins, and microorgan-
isms that, as in other biological ﬂuids, can reduce the
sensitivity of diagnostic molecular techniques [17].
Furthermore, FF was collected in abattoirs, and undoubt-
edly contained impurities that can contaminate samples. In
the present study, the method used reduced the amount of
these undesirable substances and increased the sensitivity
of the RT-PCR and PCR protocols. The introduction of thisprenucleic acid extraction procedure seemed to be beneﬁ-
cial in maintaining sanitation during assisted reproduction.
We analyzed 84 FF pools collected from 7336 bovine
ovaries, for the presence of BVDV, BoHV-1, and BoHV-5
virus. There was BVDV RNA detected in 16.7% of the
samples (14/84 FF pools). Recently, in the United States,
Marley et al. [23] did not ﬁnd any positive sample (0/10)
and Galik et al. [12] detected the virus in 1.8% (1/55) using
RT-PCR. Two of the BVDV RT-PCR positive samples were
also positive in cell culture, whereas Bielanski et al. [3]
isolated the virus in 4.7% of their samples (4/85), demon-
strating that infectious viruses were also present in FF from
Canada. The lower percentage of FF samples inwhich BVDV
could be detected in cell culture was (2.4%), compared with
RT-PCR. These results probably reﬂected RT-PCR for BVDV
being generally more sensitive than VI [12,23], because
viral RNA from noninfectious particles can also be detected
by RT-PCR. Furthermore, anti-BVDV antibodies can be
present in FF pools, hindering detection of the virus [12].
The BoHV-1 DNAwas detected in one of the 84 FF pools
(1.2%), whereas Ferreira et al. [13] found the DNA in 8.33% of
samples (1/12) by nPCR, and Marley et al. [23] did not
detect any positive samples (0/10). Bovine herpesvirus
type 1, positive by nPCR, was also isolated in cell culture, in
which it was less common than the 11.8% previously re-
ported [3].
There are many factors that can explain the differences
in the results of the present work and the reports refer-
enced above, including the variable number of aspirated
ovaries that compose pools of FF, the different sensitivities
and speciﬁcities of the techniques used to detect the
viruses, and the different prevalence of infection by these
viruses in the regions where the sampled cattle were
reared. The large number of BVDV-positive FF pools found
in the present study might have been because of the high
prevalence (90.5%) of positive herds in this region [24]. The
sequencing of two BVDV and one BoHV-1 ampliﬁcation
products demonstrated that these viruses were not from
previously described strains, disproving that the viruses
were present because of laboratory contamination.
The BoHV-5 was not detected using nPCR or VI in FF
pools despite the high rates of detection recently described
in trigeminal ganglia [15] and in semen [25], and despite
the herd prevalence of 29.2% in this Brazilian region [26]. To
our knowledge, this was the ﬁrst report to evaluate
herpesviruses in FF. Reports of BoHV-5 detection in semen
[25,27] suggest that this virus might also reach the gonads.
Based on these preliminary data, we inferred that the
importance of female gonads for BoHV-5 was not the same
as that reported previously for male gonads or for BoHV-1.
To ensure IVP cells free from pathogenic agents, speciﬁc
procedures are recommended by the International Embryo
Transfer Society [28] as standard sanitary requirements for
the health certiﬁcation of livestock embryos. One of the
most important procedures for the sanitary handling of
embryos is the washing and trypsin treatment of an intact
zona pellucida of the embryo [28,29]. However, other
studies have shown that these procedures are not entirely
effective in removing BVDV [30] and BoHV-1 [31]. Because
these processing techniques are not fully effective for the
removal or inactivation of all pathogens from livestock
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agents before IVP.
Previous studies have demonstrated that BoHV-1 and
BVDV can replicate in the embryonic cells of zona
pellucida-free embryos [33]. Furthermore, the presence of
BoHV-1, BoHV-5, and/or cytopathic BVDV in IVP systems
can affect fertilization and embryonic development
[16,33,34]. These effects have been illustrated by the
signiﬁcantly lower cleavage and blastocyst rates of virus-
exposed embryos [4,6,16].
Bielanski et al. [7] reported that in experimental
conditions, some recipients appeared to be infected with
BVDV after embryo transfer, although these embryos had
been washed, as recommended by the International
Embryo Transfer Society [28]. However, the same conclu-
sion about BoHV-1 is not yet the consensus opinion
because few data are available about such virus trans-
mission as a result of embryo transfer.
This was apparently the ﬁrst report of BVDV RNA,
infectious BVDV, and infectious BoHV-1 in bovine FF pools
used in IVP in Brazil, although, Ferreira et al. [13] reported
detection of BoHV-1 DNA in FF from the same country.
These data are important because Brazil leads the world in
IVP of bovine embryos [1].4.1. Conclusions
A prenucleic acid extraction assay increased the sensi-
tivity of the RT-PCR for BVDV detection by 100 and the
sensitivity of nPCR for BoHV-1 and BoHV-5 detection by 10.
These results emphasize the importance of evaluating the
biological materials used in IVP for the presence of viral
pathogens and of using sensitive techniques to ensure
biosecurity in assisted reproduction.Acknowledgments
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